Lipid peroxidation is one of major causes of quality deterioration in meat and meat products. 1) A variety of secondary reactions occurs and many aldehydes are formed during the lipid peroxidation process. Among these aldehydes, 4-hydroxy-2-alkenals are of particular interest because they have been reported to elicit a variety of powerful biological activities such as inhibition of enzymes, chemotactic activity toward neutrophils, and inhibition of protein synthesis. [2] [3] [4] [5] [6] [7] [8] Among the 4-hydroxy-2-alkenals, although the mechanism by which it is generated is not yet fully understood, 4-hydroxy-2-nonenal (HNE) is the major aldehyde formed during peroxidation of n-6 polyunsaturated fatty acids. 4) Since there is a large amount of n-6 unsaturated fatty acids in foodstuffs, HNE could be a reliable marker for assessing the quality of food, particularly of meats. Our previous studies have demonstrated that HNE was present in beef and pork. 9, 10) Sodium chloride (NaCl) is added to muscle foods for a variety of purposes, including improved flavor and the inhibition of microorganisms. However, the addition of NaCl has been reported to accelerate lipid oxidation in a variety of meats, including beef, pork and chicken. [11] [12] [13] [14] We previously have reported that the addition of NaCl accelerated HNE and MA formation in pork and beef. 15) Cooking is the most common technique used in meat preparation. High temperatures during cooking lead to a dramatic increase in lipid oxidation in muscle. 16) We have also reported that large differences in HNE contents between different samples were observed in smoked meat products and that the addition of cedar wood vinegar accelerated HNE formation, but suppressed MA formation in pork. 17) The mechanism for HNE formation and its disappearance in meats and meat products seems to be very complicated, 9, 10, 17) and it is uncertain whether cooking pork containing NaCl affects the formation mechanism of HNE or not. Therefore, to elucidate the mechanism for HNE formation and its disappearance in meats and meat products, we investigated the effects of boiling, one of the most commonly used cooking methods, on HNE formation in pork containing NaCl. We also analyzed the cooking yields and the malonaldehyde (MA) and fatty acid contents in these samples.
Materials and Methods
Materials. HNE was synthesized by the method of Sugamoto et al., 18) and confirmed on the basis of 1 H-NMR and 13 C-NMR spectra. Butyl hydroxy toluene (BHT) was obtained from Tokyo Kasei (Tokyo, Japan), NaCl (analytical grade) and 2,4-dinitrophenylhydrazine (DPNH) from Wako Pure Chemicals (Tokyo, Japan), and 1,3-diethyl-2-thiobarbituric acid (DETBA) from Aldrich Chemicals (Milwaukee, WI, USA). All other reagents were of analytical grade.
Preparation of the samples (boiling time). Pork was obtained from a local market and brought to our laboratory under refrigerated conditions. The visible fatty tissue was removed, and the remaining meat was cut into small pieces and minced in a food processor for 2 min. A total of 35 samples, each weighing 5 g, were prepared.
Preparation of the samples (NaCl addition). Pork was obtained from a local market and brought to our laboratory under refrigerated conditions. The visible fatty tissue was removed, and the remaining meat was cut into small pieces and minced in a food processor for 2 min. The minced muscle was divided into three portions, each weighing 100 g. NaCl was added to two portions to prepare 1.0% and 2.0% samples. Each sample was mixed well in the food processor for 1 min. A total 15 samples, each weighing 5 g, were prepared as the control, 1% NaCl-and 2% NaCl-containing ones.
Cooking procedure (boiling time). The HNE and MA contents in 5 samples were analyzed before boiling. The remaining samples were cooked in boiling water (100 C) for 5, 10 and 15 min. After cooling to room temperature, each sample was wrapped in plastic film and then in aluminum foil, and stored at 0 C to be analyzed on days 1 and 3 for its HNE and MA contents. Each samples was weighed before and after boiling, and the percentage cooking loss was calculated by the following equation:
% Cooking loss

¼
Weight before boiling À Weight after boiling Weight before boiling Â 100
The absolute contents of the boiled samples were calculated, based on an initial 1 g of raw material and allowing for the weight lost during cooking.
Cooking procedure (NaCl addition). The HNE and MA contents of 3 samples in each group before boiling were analyzed. Five gram each of the remaining samples in each group were heated in boiling water (100 C) for 5 min. Each sample was weighed before and after boiling, and the percentage cooking loss was calculated. After cooling to room temperature, the sample was wrapped in plastic film then in aluminum foil, and stored at 0 C to be analyzed on days 1, 2 and 3 for its HNE and MA contents. The absolute contents of each boiled sample were calculated, based on an initial 1 g of raw material and allowing for the weight lost during cooking.
HNE analysis. The HNE-DNPH derivative was analyzed by the HPLC method reported by Goldring et al. 19) Briefly, a 5-g sample was mixed with 25 mg of BHT. After adding 50 ml of 1 mol HCl with 2.5 mmol DNPH to the BHT mixture, the reaction was carried out in the dark at 4 C for 2 h. The DNPH derivatives were extracted with 150 ml of dichloromethane, and the obtained extract was evaporated in vacuo; the resulting residue was redissolved in 0.2 ml of chloroform. The DNPH derivatives were separated into a discrete band in a disposable silica gel column by washing with an nhexane/chloroform (2/1, v/v) solution and then eluted with chloroform. The resulting chloroform eluate was evaporated in vacuo, and the residue was redissolved in 0.5 ml of methanol. The HNE-DNPH derivative was analyzed under the following analytical conditions: column, Ultrasphere C18 (25 cm Â 4:6 mm i.d., Beckman, CA, USA); mobile phase, 30 mM sodium citrate/ 27.7 mM acetate buffer (pH ¼ 4:75):methanol = 25:75; flow rate, 1 ml/min; column temperature, 40 C; detection wavelength, 365 nm.
MA analysis. The DETBA assay used is based on a previously described method. 20) One gram of the sample was homogenized with 9 ml of an ice-cooled 10 mM sodium phosphate buffer (pH 7.0) at 0 C. The homogenate (0.4 ml) was added to a screw-capped tube containing 0.2 ml of 8% SDS, 0.2 ml of 20 mmol BHT in ethanol, and 3.2 ml of 12.5 mmol DETBA in a 125 mmol/l sodium phosphate buffer (pH 3.0). The solution was thoroughly mixed, heated in a water bath at 95 C for 15 min, and then rapidly cooled with running tap water. To extract the DETBA-MA adduct, 4 ml of ethyl acetate was added and the mixture was vigorously shaken. Subsequently, 2.4 ml of the ethyl acetate extract containing the DETBA-MA adduct was transferred to another tube and evaporated in vacuo. The resulting residue was dissolved in 150 ml of methanol, and 10 ml of the solution was subjected to an HPLC analysis under the following conditions: column, Inertsil ODS (5-mm particle size, 250 Â 4:6 mm i.d., GL Sciences, Tokyo, Japan); mobile phase, acetonitrile:100 mmol sodium chloride (75:25, v/v); flow rate, 1.0 ml/min; detection, excitation at 515 nm and emission at 555 nm.
Fatty acid analysis. Total lipid was extracted from each sample by the method developed by Folch et al.
21)
The fatty acid contents were measured by the gas chromatographic method developed by Takenoyama et al., 22) using tricosanoic acid as an internal standard. Each result is expressed as mg/g of lipid.
Statistical analysis. Each value is expressed as the mean AE SE. The results were analyzed by an analysis of variance (ANOVA), and significant differences among the means were determined by the Turkey-Kramer test.
Results and Discussion Table 1 shows the cooking losses in pork boiled for 5, 10 and 15 min: the longer the boiling time, the higher the cooking lossses. As shown in Tables 2 and 3, significant differences were not apparent in the HHE, MA and FA contents of each sample. A boiling time up to 15 min may therefore not affect the HHE, MA and FA contents in pork. Table 4 shows the cooking losses in boiled pork containing NaCl. Since the pork samples referred to in Table 2 are different from those in Table 4 , the cooking loss of the control sample in Table 4 is different from that of the 5-min-boiled samples in Table 2 . The cooking loss in pork containing 2% NaCl was significantly lower than that containing 1% NaCl and the control, while that containing 1% NaCl was significantly lower than that of the control. Dimitrakopoulou et al. have reported that the added NaCl level significantly affected the cooking losses in cooked pork and that the cooking loss in pork containing 2% NaCl was significantly lower than that containing 1% NaCl.
23) The present results are similar to their results. The addition of NaCl is well known to improve the binding and water-holding properties of meat products, and our and their results may have reflected this improvement. Table 5 shows the changes in the HNE content of pork samples containing nil, 1%, and 2% NaCl. The HNE contents of all samples were not changed by boiling. The HNE content of the NaCl-containing samples did not increase throughout the storage period. The HNE content of the control sample increased significantly after storage for 3 days and was significantly higher than that of the NaCl-containing samples after storage for 1-3 days. In contrast to the raw meat, 15) NaCl may have inhibited the HNE formation in boiled pork. The MA contents of all the pork samples were also not changed by boiling, but they were significantly increased in all samples during the storage period. No significant difference was observed among the samples in terms of the MA contents during the storage period. In contrast to raw meat, [11] [12] [13] [14] [15] NaCl may not have acted as a pro-oxidant in boiled pork, judging from the changes in MA content. Table 6 shows the changes in fatty acid contents in boiled pork containing nil, 1% and 2% NaCl. After boiling, palmitic and oleic acids had decreased and linoleic acid had increased in all samples. This result is similar to that of Hernandez et al. who have reported that, after boiling, oleic acid had decreased and linoleic acid had increased pork. 24) After 3 days of storage, all fatty acid contents analyzed had decreased in all samples. This decrease ratio of highly unsaturated fatty acids was lowest in the sample containing 2% NaCl.
NaCl is added to meats at a concentration of 1%-2% during the manufacturing process, and these are stored for 2-5 days under refrigerated conditions before further processing such as smoking or baking. Therefore, in this experiment, we used NaCl concentrations of 1% and 2%.
Since the MA contents of all the pork samples were not significantly increased by boiling, boiling may not have accelerated lipid peroxidation in these samples. Cobos et al. 25) have reported that boiling did not accelerate lipid oxidation in dry-cured pork forelegs, although Hernandez et al. 24) have reported that boiling accelerated lipid oxidation in pork. Based on these results, it is uncertain whether boiling accelerated lipid peroxidation in meat products or not. In contrast to boiling, other cooking methods such as microwave heating and broiling accelerated lipid peroxidation in meat products. 26) Sakai et al. have reported that, after storage, the HNE and MA contents of NaCl-containing raw pork were significantly higher than those of the control samples.
15)
The present results differ from these findings. It is generally accepted that 4-hydroxyalkenals are not intermediates of MA formation in vivo and readily react with the sulfhydryl groups and "-amino groups of lysine and histidine residues in proteins and such low-molecular-weight substances as cysteine and glutathione. 4) Boiling may affect the mechanism for HNE formation and its disappearance in meat products. It is necessary to investigate the effects of other cooking methods such as baking, broiling and frying on the mechanism for HNE formation and its disappearance in meat products, because this mechanism appears to be very complicated. Studies along these lines are currently in progress in our laboratory.
